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Synopsis 
A numerical model for the hydraulic back-filling of two­
dimensional mine stapes is presented. The use of the model 
is demonstrated by some analyses in which fill levels, water 
levels and the pore water pressures developed in the voids 
of the fill material are predicted. The effects on these 
features of various parameters, such as rate of pouring of 
the fill, the fill permeability and of drain location and 
performance, have been investigated. The model may be 
useful in the design and interpretation of experiments 
aimed at observing and measuring these phenomena. Although 
it would be premature to regard the two-dimensional model 
presented here as a proven design tool, it might be of 
some assistance in determining the general requirements for 
bulkheads and bulkhead drains and in the planning of filling 
operations. 
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1. INTRODUCTION 
1. 
One method of winning ore from underground metalliferous 
mines is by open stoping. These stopes are frequently back­
filled with fine solids placed hydraulically and the presence 
of water in the voids of the fill gives rise to pore water 
pressures. A knowledge of the magnitude and distribution of 
the pore pressures developed during the placement of this 
hydraulic fill is useful for the design of bulkheads and for 
the planning of fill operations. The best and most reliable 
information will only be obtained from experimental studies. 
Until experimental data are available, numerical studies are 
of value for the understanding they give of the processes 
involved and for identifying the important parameters for 
future work. This paper describes a numerical model prepared 
for Mount Isa Mines Limited to serve these functions. For 
this initial study attention has been restricted to two­
dimensional stopes and results for this simplified case have 
been obtained to demonstrate the effects of various parameters 
oh the pore water pressures occurring in the fill. 
2. PROBLEM DEFINITION 
When hydraulic fill is poured into a stope, the 
bulkheads used to contain the fill at the entrance to drives 
are subjected to both earth pressure and pore pressure. The 
work described in this paper was concerned with the prediction 
of pore pressures throughout the. stope in general and at 
bulkheads in particular. 
The first objective was the development of a numerical 
model to simulate the placement of hydraulic fill, the drainage 
of water from the fill and the development of pore pressures 
during the process. The model was subsequently used to 
investigate the effects of pour rates, fill permeability and 
drain performance on the pore pressures. 
For this study, the problem was simplified to the two­
dimensional analysis of a stope with vertical sides (see 
Figure 1) . 
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FIGURE 1 Definition of the 2-D problem 
The unsteady problem was dealt with by the use of a 
series of steady state seepage analyses with adjustments to 
the conditions in the stope to take account of changes with 
time. The adjustments were based on the slurry pour rate, 
slurry composition and on the results from the seepage analyses. 
The general procedure used in the solution was: 
(1) Specify the stope geometry, drain locations, pour rate, 
slurry composition and properties and initial conditions 
at time, t = 0. 
(2) Perform a steady state seepage analysis and calculate 
the seepage heads, pore pressures and the seepage 
discharge, q, for conditions at time t. 
(3) For time interval, �t, 
(a) the seepage discharge equals q.�t 
(b) calculate the net water inflow or outflow 
(c) calculate the change in fill level in the stope 
(d) calculate the change in water level in the stope 
3. 
(4) Update the region of analysis and the boundary 
conditions for the seepage analysis 
(5) Update time, t = t + 6t. 
Repeat steps 2 to 5 until the simulation is completed. 
3. SEEPAGE ANALYSIS 
The assumptions made for the analysis of water movement 
through the saturated fill were:-
(1) The porous medium is homogeneous, isotropic and 
incompressible. 
(2) Darcy's law is applicable. 
(3) Pore pressure is zero adjacent to functioning drains. 
(4) The top surface of the fill is horizontal and 
(a) when decanted water lies above the fill, the 
upper boundary for the region used in the seepage 
analysis is the fill level with the seepage head 
at this boundary determined by the water level 
(b) when the fill is not saturated over the full 
height, the upper boundary for the region used 
in the seepage analysis is the phreatic surface 
and this surface is horizontal. 
The seepage analysis was done using a numerical method based 
on a finite difference formulation. Functioning drains were 
modelled as nodes with specified head (corresponding to zero 
pore pressure) in the finite difference grid. The accelerated 
Gauss-Seidel method was used to solve the equations for the 
values of seepage head at the finite difference nodes. Subsequently, 
the computed values of seepage head were used to calculate the 
seepage discharge through the drains. 
Changes During a Time Interval, 6t 
The assumptions made for the adjustments during a time 
interval, 6t, were:-
(1) The seepage discharge rate during the interval 6t between 
times t and t + 6t equals the rate calculated for 
conditions at time t. 
4. 
(2) The hydraulic fill is placed uniformly so that the 
fill surface is horizontal. 
(3) If the water level is above the fill level, it will 
not rise above the level at which the next highest 
drain is located i.e. decant water will be drawn off 
at any drains above the fill level. 
(4) When the phreatic surface is below the fill level, the 
volume of water reaching the phreatic surface during 
the time interval �t equals the volume of water 
introduced with the hydraulic fill. 
The results obtained for the cases presented in this paper 
indicate that the maximum pore pressures, at the bottom of the 
stope, were not influenced by the details of the modelling at 
the top of the stope nor by the time lag due to unsaturated 
seepage for those cases when the upper portion of the fill 
was not fully saturated and it was concluded that these 
assumptions were reasonable for the purposes of this study. 
4. DRAIN PERFORMANCE 
This study was restricted to the two limiting cases 
for drain performance:-
(1) a well designed, functioning drain at which the pore 
pressure is zero, and 
(2) a clogged drain which passes no discharge and which, 
therefore, is part of the impermeable boundary to the 
region of seepage analysis. 
Actual drain performance would lie between these two limiting 
cases. Intermediate conditions have not been studied because 
of lack of experimental data and because the purpose of the 
investigation has been satisfied by consideration of the two 
limiting conditions. 
5. SOME TYPICAL RESULTS 
There is a large number of parameters to be investigated 
in the hydraulic fill problem. They include: the geometric 
properties of the stope, its shape and size as well as the 
location of drain points; the composition of the slurry 
5. 
material, i.e. the relative proportions of solids to water; 
factors influencing the hydraulic properties of the fill once 
it has settled from suspension, i.e. its porosity and its 
permeability coefficient; and the history of the filling 
operation, including the rate at which the fill is continuously 
poured and the number and distribution of any rest periods. 
It is not the aim of this present work to provide an exhaustive 
coverage of the effects of all of these parameters, as space 
would not permit such a treatment. Instead, by presenting a 
selection of results, it is hoped that some of the more important 
features may be highlighted. 
Only two-dimensional, vertical stopes have been considered 
and each had a width of 40 m and a maximum height of 250 m. 
In each case the slurry was 69% by weight of solids, the 
remainder was water. When the solids settled, it was assumed 
that the resultant fill had a voids ratio of 0.8 (i.e. porosity 
0.444). In all cases the solids had a relative density 
(specific gravity) of 2.7. Each analysis required the specification 
of an initial condition at time t = 0. This was arbitrarily 
selected as saturated fill to a height of 10 m above the bottom 
of the stope. 
Results from a number of analyses are presented below 
in order to illustrate the significance of: 
(a) the permeability of the fill material, 
(b) the pour rate and the use of periods of filling 
followed by periods of no filling (rest periods) , 
(c) the location of drains and the consequences of 
drain blockage. 
Details for each analysis are set out in Table 1. Case 1 has 
been selected, somewhat arbitrarily, as a "standard" which 
may be used as a basis for comparison with the others. A 
value for the permeability coefficient k of 10-
5
m/sec is 
considered to be representative of a fill material like very 
fine sand. This value was held constant throughout the fill, 
although the incorporation into the analysis of any specified 
variation in permeability would be straightforward. The pour 
rate of 250 tonnes of solids per hour (into a stope of plan 
6. 
dimension 40 m x 40 m) has been arbitrarily selected, but it 
seems reasonable that this may be a likely maximum for many 
operations. 
In analysing the results from each case, attention 
has been confined to the following features: 
(i) the levels of fill and water obtained in the stope. 
(ii) the pore pressures developed in the water which 
remains in the voids of the fill material. 
5. 1 The "Standard" Analysis - Case 1 
Results for Case 1 are given in Figs. 2 to 5. Fig. 2 
shows a plot of the fill and water levels versus time which 
has been measured from zero at the beginning of the analysis. 
Both the fill level (the surface of the solids) and the water 
level (the phreatic surface in this case as it is below the 
fill) show a steady increase with time. Initially., there was 
little difference between the fill and water levels, but as 
both levels rose, more drains along the sides of the stope 
came into operation and these were able to cope with an increase 
in overall discharge. After about 400 hours excess water 
continued to be stored in the voids but this was not sufficient 
to cause the phreatic surface to rise at the same rate as fill. 
The maximum pore pressure predicted in the fill occurred 
at the middle of the base, i.e. at x = 20 m and y = 0 m. The 
history of pore pressure development at this point is shown 
in Fig. 3. Initially, the pore pressure increased rapidly 
but as the fill level rose more upper drains came into action; 
the rate thus decreased until about 600 hours at which time 
the pore pressure reached a maximum value of about 200 kPa. 
It remained constant during the remainder of the pouring 
operation. Indeed, the pore pressures in the lower portions 
of the stope reached an equilibrium distribution at about this 
time, i.e. they remained effectively constant at times greater 
than 600 hours, until the filling was completed at 2300 hours. 
The pore pressure contours in the lower portion of the stope 
at a time of 2000 hours are shown in Fig. 4. 
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9. 
Pore pressures in the upper part of the stope were 
very low. Fig. 5 shows pore pressure contours for the entire 
region of fill which is saturated at a time of 2000 hours 
when the fill level is 218 m and the phreatic surface is at 
17 m. These results indicate that the hydraulic gradient 
through the upper part of the stope was very close to unity 
and that the discharge from the upper drains was very small. 
Therefore, if a drain in the upper part of the stope became 
blocked it would probably have little effect on the pore 
pressures (provided all other assumptions of the model are 
valid). On the other hand, if a drain near or at the bottom 
of the stope became blocked, significant changes will occur. 
This point is discussed at greater length below. 
5 .2 The Effect of Permeability - Case 2 
The rate of drainage of water from the stope will be 
governed to some extent by the hydraulic properties of the 
fill material. It is obvious that materials with a higher 
permeability will drain quicker than those with a lower 
permeability. Indeed, if the permeability is low enough excess 
water may decant above the fill level. 
In order to investigate such a possibility an analysis 
has been performed in which the'permeabili ty (considered to be 
constant throughout the fill) was 10-
6 
m/sec, i.e. a reduction 
of one order of magnitude below that for Case 1. The results 
of the analysis for this case are summarised in Fig. 6. 
There are marked differences between this and Case 1 for the 
water level in the stope. Numerical results showed that the 
overall seepage discharge was reduced by a factor of a little 
less than 10, consistent with the reduction in permeability. 
As a result, the model indicates that water decanted from the 
slurry and ponded above the fill - see Fig. 6. When this 
happened the numerical analysis automatically ensured that 
the water could not pond above the next highest drain from 
the current fill level. 
The change in permeability did not, howeve� give rise 
to significant changes in the pore pressures. There was very 
little difference between the histories of pore pressure 
1 0. 
development at any location in the fill and consequently the 
pore pressure contours at a time of 2000 hours are almost 
identical to those produced for Case 1 (Fig. 3). The amount 
of saturated fill in the stope was increased but the pore 
pressure throughout this extended region was close to zero 
and the hydraulic gradient throughout the upper portion was 
close to unity. 
5.3 The Effect of the Pour-Rate and Pour History ­
Cases 3, 4 and 5 
Two more analyses were performed in an attempt to 
investigate the significance of the rate at which the slurry 
is poured into the stope. Case 3 differed from the "standard" 
Case 1 in that the pour rate was reduced by a factor of 2, 
while in Case 4 it was reduced by a factor of 1 0. In Case 3 
the phreatic surface rose at a rate much less than half of 
the rate for Case 1 and the rate of change of this level 
tended toward zero with increasing time - see Fig. 7. The 
phreatic surface has approached a constant level as the overall 
discharge of water from the stope has tended to balance the 
inflow of water in the slurry, thus leaving little or no extra 
water to be stored in the voids of the fill material. 
Pore pressures in the lower portion of the stope increased 
more slowly than in Case 1 but still reached the same final 
values. The results obtained for Cases 1, 2 and 3 showed that 
the final values for pore pressures at the bottom of the stope 
were attained when the phreatic surface reached a level of approx­
imately 40 m. Further increases in the phreatic surface level 
did not significantly alter these values of pore pressure. 
For Case 4, in which the pour rate was reduced below 
that for Case 1 by a factor of 1 0, the phreatic surface dropped 
below its initial value of 10 m at time zero, to a value of 
7.3 m at 2500 hours and remained at that level until the 
completion of the pour. The maximum pore pressure in the stope 
(at x = 20 m, y = 0 m) did not exceed about 70 kPa. The 
reduction, by an order of magnitude, in the pour rate has had 
a significant effect on the conditions in the stope. 
In all of the analyses considered so far, it has been 
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12. 
assumed that the slurry has been poured continuously at some 
specified constant rate. The analysis of Case 5 was performed 
in order to determine the effect of a regular sequence of periods 
of pouring followed by rest periods. Each pour lasted 100 hours 
and each rest 50 hours - further details are given in Table 1. 
The results of this analysis are summarised in Figs. 8 and 9. 
Small ripples in the curves for fill and water levels indicate 
the cycles of pour and rest periods. During periods of pouring 
the slurry both levels rise, while during the rest periods the 
phreatic level falls slightly as the stope drains and the fill 
level, of course, remains constant. Overall, both levels 
continue to rise with time, but at rates lower than those 
predicted in Case 1. The history of pore pressure development 
at the bottom centre of the stope is shown in Fig. 9. Again 
an equilibrium condition is reached soon after the phreatic 
level rises to about 40 m. The maximum pore pressure is about 
200 kPa, the same as for Cases 1, 2 and 3. These results indicate 
that for rests to be significant in the control of pore pressure 
the rest periods would have to be much greater than the 50 hour 
duration used here. 
5.4 The Effects of Drain Location -
Cases 6, 7 and 8 
Three more analyses were carried out to determine the 
effects of drain location and the consequences of a drain(s) 
becoming blocked. 
Firstly, in Case 6, it was assumed that the drain at 
the bottom right hand corner of the stope (x = 40 m, y = 0 m) 
did not operate right from the start of the analysis. The history 
of pore pressure development at the bottom centre of the stope 
and at the blocked drain are shown in Fig. 10, and the pore 
pressure contours at 2000 hours, for the lower portion of the 
stope, are shown in Fig. 11. Calculated pore pressures in the 
upper part of the stope were again very low. As in Case 1 the 
maximum pore pressure was reached a·t about 600 hours and remained 
constant thereafter. The pore pressure at the centre was about 
20% higher than for Case 1 while the maximum pore pressure 
occurred at the bottom corner and was about 260 kPa. This 
represents the water pressure that would be exerted on the 
bulkhead if the drain through it became blocked. 
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For Case 7 the fill material was drained from only two 
locations; one drain at each of the bottom corners of the stope. 
Results of this analysis are given in Figs. 12 to 15. Because 
the pour rate is the same as in Case 1, Fig. 12 shows no 
difference in the curve for fill level versus time. However, 
as less drains are now available to remove slurry water from 
the stope, the water level at any time is correspondingly higher 
than at the same time in Case 1. At times less than about 1200 
hours some decanting occurs; after this time the rate of rise 
in the phreatic surface is less than the rate of rise of fill 
level and so decanting no longer occurs. Fig. 13 shows the 
pore pressure development at the bottom centre of the stope. 
The pore pressure rises and even after 2300 hours (end of the 
analysis) an equilibrium or "steady state" condition has not 
been reached. The maximum pore pressure at 2300 hours is about 
350 kPa, which represents an increase of about 75% over the 
corresponding value in Case 1. Contours of pore pressure at 
2000 hours are shown in Fig. 14 for the lower portion and in 
Fig. 15 for the entire region of fill which is saturated. 
Fig. 15 indicates that significant pore pressures exist throughout 
most of the fill material and this situation can be contrasted 
with the picture given in Fig. 5 for Case 1. 
Quite obviously, the number and location of drains 
are crucial in determining the pattern of seepage which develops 
within the deposited fill and thus are particularly important 
in determining the magnitude and distribution of pressures 
developed in pore water. In Case 8 the water has been allowed 
to drain from the stope at four locations near the bottom of 
the fill - the exact details are specified in Table l. Results 
for this analysis can be found in Figs. 16, 17 and 18 and they 
indicate that four drains are almost sufficient to produce a 
drainage condition and pore pressure regime similar to Case l. 
This indicates that the higher drains in Case l do ncit remove 
much of the water from the fill material, most of it will 
leave the stope via the bottom four drains. However, the upper 
drains will assume greater importance if conditions in the stope 
are such that slurry water is allowed to decant and pond above 
the fill material. The upper drains would then be important 
in helping to remove this decanted water from the stope. 
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Drainage After Stope Filling 
Some idea of the pore pressures developed during the 
filling operation has been given in the preceding sections. 
Another feature of interest may be the time required for the 
dissipation of these pore pressures as slurry water drains from 
the stope after the filling operation has been completed. In 
order to illustrate this point, consider again Case 1. Figs. 19 
and 20 show results for the extended analysis. From time zero 
to about 2300 the stope has been filling, resulting in a maximum 
fill level of 250 m and a phreatic surface at almost 200 m -
see Fig. 19. At time 2300 hours the slurry pouring has ceased 
and thereafter the fill level remains constant while the stope 
continues to drain. A further 3500 hours were required (total 
time about 6000 hours) for the phreatic surface to fall to the 
level of the bottom of the stope. Fig. 20 shows the development 
and subsequent dissipation of the pore pressure at the bottom 
centre of the stope over this 6000 hour period. The pore pressure 
at this location rises to a maximum of about 200 kPa, remains 
steady for a time and then eventually drops again as the phreatic 
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surface falls. One feature of special interest on the curve 
in Fig. 20 is the extended plateau, where the pore pressure 
is steady at its maximum value. At the bottom of the stope 
the pore pressure does not begin to fall at the same instant 
that the filling operation ceases; indeed, there is a 
considerable time lag as shown by the extent of the plateau. 
The pore pressure only begins to drop noticeably at about 
4300 hours when the phreatic surface is down to about 40 to 
50 m above the base. This mirrors the behaviour observed 
during the filling, where the pore pressure reached its maximum 
when the preatic surface had reached about 40 to 50 m. 
6. CONCLUSIONS 
The results from the example calculations indicate 
that the high pore pressures in the lower part of a stope are 
not significantly affected by the permeability or the pour rate, 
unless the pour rate is very low. However, drain performance 
is very important for the control of pore pressures, especially 
adjacent to a bulkhead. 
While the model has yielded valuable information regarding 
trends, it is based on a number of simplifying assumptions. 
It is desirable that these assumptions should be validated 
against experimental data and, indeed, the model itself should 
prove useful in t he design and assessment of any experimental 
programme. 
Finally, for the design of bulkheads and the planning 
of fill operations a more general three-dimensional model, 
incorporating all the essential features of the real case, 
will have to be produced. 
7. ACKNOWLEDGEMENTS 
22. 
The work reported in this paper was carried out under 
a research contract with Mount Isa Mines Limited and this 
sponsorship is gratefully acknowledged. 
The authors are also grateful to R. Nilsson and 
N. Richter for providing assistance and software for computer 
graphics. 
APPENDIX A 
Symbol 
k 
q 
t 
x,y 
23 
NOTATION 
Meaning 
permeability of fill material 
rate of seepage discharge 
time 
increment of time 
coordinates of two-dimensional stope 
(origin at bottom left hand corner) 
Ca
se
 
2 3 4 5 6 8 9 
Po
ur
 
De
t
ai
ls
 
25
0 
t
on
ne
s
/h
r
 o
f 
so
li
ds
, 
c
on
ti
nu
ou
sl
y 
As
 
fo
r 
Ca
se
 
1 
12
5 
to
nn
es
/h
r
 o
f 
so
l
id
s,
 
co
nt
i
nu
ou
sl
y 
25
 t
on
ne
s
/h
r
 o
f 
so
li
ds
, 
co
nt
i
nu
ou
sl
y 
Cy
cl
es
 c
on
si
st
in
g 
of
 
25
0 
t
on
ne
s
/h
r 
of
 
so
li
ds
 
fo
r 
10
0 
ho
ur
s,
 
f
ol
l
ow
ed
 
by
 5
0 
ho
ur
s 
re
st
 
(n
o 
po
ur
in
g
) 
As
 f
or
 
Ca
se
 
As
 
f
or
 
Ca
se
 
1 
As
 f
or
 
Ca
se
 
1 
As
 
fo
r 
Ca
se
 
1 
b
ut
 
s
uf
f
i
c
i
en
t
 t
i
me
 t
he
n 
al
l
ow
ed
 f
or
 c
om
pl
et
e 
st
op
e 
dr
ai
na
ge
 
k k
 
TA
BL
E 
1 
Pe
rm
ea
bi
li
t
y 
of
 F
i
l
l
 
10
- 5
 
m
/s
ec
. 
10
-6
 
m
/s
ec
. 
A
s
 f
or
 
Ca
se
 
1 
As
 f
or
 
Ca
se
 
1 
A
s
 f
or
 
Ca
se
 
1 
As
 f
or
 
Ca
se
 
1 
A
s
 f
or
 C
as
e 
1 
As
 f
or
 
Ca
se
 
1 
As
 
f
or
 
Ca
se
 
1 
De
t
ai
ls
 
of
 S
ee
p
ag
e 
An
al
ys
i
s 
Dr
ai
n 
L
oc
at
i
on
s 
At
 
20
 m
 
ve
rt
i
ca
l 
i
nt
er
va
l 
al
on
g 
bo
t
h 
si
de
s 
of
 s
t
op
e.
 
Fi
rs
t 
dr
ai
ns
 
at
 b
ot
t
om
 
c
or
ne
r
s 
As
 
f
or
 
Ca
se
 
As
 f
o
r
 C
as
e 
1 
As
 
f
or
 
Ca
se
 
1 
As
 f
or
 
Ca
se
 
1 
A
s
 f
or
 
Ca
se
 
1 
ex
c
ep
t
 f
or
 
on
e 
bl
oc
ke
d 
dr
ai
n 
at
 t
he
 b
ot
t
om
 
ri
gh
t 
ha
nd
 c
or
ne
r
 
o
f
 t
he
 s
to
pe
 
On
ly
 2
 d
r
ai
ns
, 
1 
at
 e
ac
h 
bo
t
t
om
 c
or
ne
r
 
of
 t
he
 s
t
op
e 
On
ly
 
4 
dr
ai
ns
, 
1 
at
 e
ac
h 
bo
t
t
om
 c
or
ne
r
 
of
 
st
op
e 
an
d 
1 
on
 e
ac
h 
si
de
 
of
 
t
he
 
st
op
e,
 
20
 m
 
ab
ov
e 
t
he
 c
or
ne
r
 
dr
ai
ns
 
As
 
fo
r 
Ca
se
 
Co
mm
en
t
s 
11 S
t
an
da
r
d1
1 
ca
se
 
To
 s
ho
w 
t
he
 e
ff
ec
t
 
of
 
t
he
 
pe
r
me
ab
i
li
t
y 
co
ef
fi
ci
en
t
 
To
 s
ho
w
 t
he
 
ef
fe
ct
 o
f 
t
he
 
po
ur
 
ra
t
e 
To
 s
ho
w 
t
he
 
ef
fe
ct
 
of
 
t
he
 
po
ur
 r
at
e 
To
 s
ho
w
 t
he
 
ef
fe
ct
 o
f 
po
ur
 
r
at
e 
an
d 
po
ur
 h
i
st
or
y 
To
 s
ho
w 
t
he
 
ef
fe
ct
s 
of
 a
 
dr
ai
n 
bl
oc
ka
ge
 
To
 s
ho
w
 t
he
 
ef
fe
ct
s 
of
 
dr
ai
n 
lo
ca
t
i
on
 
To
 
sh
ow
 
t
he
 e
ff
ec
t
s 
of
 
dr
ai
n 
lo
c
at
i
on
 
To
 
i
nv
es
t
i
ga
t
e 
se
ep
ag
e 
be
ha
vi
ou
r
 a
ft
er
 
st
op
e 
fi
ll
i
ng
 
ha
s
 b
ee
n
 c
om
pl
et
ed
 
N
 
..,.
 
CE 
No. 
4 
5 
6 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
CIVIL ENGINEERING RESEARCH REPORTS 
Title 
Flood Frequency Analysis: Logistic Method 
for Incorporating Probable l!aximum Flood 
Adj ustment of Phreatic Line in Seepage 
Analysis by Finite Element Method 
Creep Buckling of Reinforced Concrete 
Columns 
Buckling Properties of Monosymmetric 
I-Beams 
Elasto-Plastic Analysis of Cable Net 
S true tures 
A Critical State Soil Model for Cyclic 
Loading 
Resistance to Flow in Irregular Channels 
An Appraisal of the Ontario Equivalent 
Base Length 
Shape Effects on Resistance to Flow in 
Smooth Rectangular Channels 
The Analysis of Thermal Stress Involving 
Non-Linear Material Behaviour 
Buckling Approximations for Latera 11 y 
Continuous Elastic l-Beams 
A Second Generation Frontal Soluti0n 
Program 
Combined Stiffness for Beam and Column 
Braces 
Beaches:- Profiles, Processes and 
Permeability 
Buckling of Plates and Shells Using 
Sub-Space Iteration 
The Solution of Forced Vibration Problems 
by the Finite Integral Method 
Numerical Solution of a Special Seepage 
Infiltration Problem 
Shape Effects on Resistance to Flow in 
Smooth Semi-circular Channels 
TI1e Design of Single Angle Struts 
Author(s) 
BRADY, D.K. 
ISAACS, L. T. 
BEHAN , J . E. & 
O'CONNOR, C. 
KITIPORNCHAI, S. 
& TRAHATR, N.S. 
11EEK, J. L. & 
BROWN, P.L.D. 
CARTER , J . P . , 
BOOKER, J.R. & 
1-lROTH, C. P . 
KAZEMIPOUR, A.K. 
& APELT, C.J. 
O'CONNOR, C. 
KAZD!IPOUR, A.K. 
& APELT, C.J. 
BEER, G. & 
MEEK, J.L. 
DUX, P. F. & 
KITlPORNCHAI, S. 
BEER, G. 
O'CONNOR, C. 
GOURLAY, M.R. 
MEEK, J.L. & 
TRANBERG, W.F.C. 
SWANNELL, P. 
ISAACS, L.T. 
KAZEH!POUR, A.K. 
& APELT, C.J. 
WOOLCOCK, S.T. & 
Kl TIPORNCHAI, S. 
Date 
February, 
1979 
March, 
1979 
April, 
1979 
May, 
1979 
November, 
1979 
December, 
1979 
February, 
1980 
February, 
1980 
April, 
1980 
April, 
1980 
April, 
1980 
Nay, 
1980 
!lay, 
1980 
June, 
1980 
July, 
1980 
August, 
1980 
September, 
1980 
November, 
1980 
December, 
1980 
CE 
No. 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
,CIVIL ENGINEERING RESEARCH REPORTS 
Title 
Consolidation of Axi-symmetric Bodies 
Subjected to Non Axi-symmetric Loading 
Truck Suspension Models 
Elastic Consolidation Around a Deep 
Circular Tunnel 
An Experimental Study of Blockage 
Effects on Some Bluff Profiles 
Inelastic !learn Buckling Experiments 
Critical Assessment of the International 
Estimates for Relaxation Losses in 
Prestressing Strands 
Some Predications of the Non-homogenous 
Behaviour of Clay in the Triaxial Test 
The Finite Integral Method in Dynamic 
Analysis : A Reappraisal 
Effects of Laminar Boundary Layer on a 
Model Broad-Crested Weir 
Blockage and Aspect Ratio Effects on 
Flow Past a Circular Cylinder for 
104 < R < 105 
Author(s) 
CARTER, J.P. & 
BOOKER, J.R. 
KUNJMIDOO, K.K. & 
O'CONNOR, C. 
CARTER, J.P. & 
BOOKER, J.R. 
WEST, C.S. 
DUX, P.F. & 
KITIPORNCHAT, S. 
KORETSKY, A.V. & 
PRITCHARD, R.W. 
CARTER, J.P. 
SWANNELL, P. 
ISAACS, L.T. 
WEST, G.S. & 
APELT, C.J. 
Time Dependent Deformation in Prestressed SOKAL, Y.J. & 
Concrete Girder: Measurement and Prediction TYRER, P. 
Non-uniform Alongshore Currents and GOURLAY, M. R. 
Sediment Transl'ort - a One DimensionaJ 
Approach 
A Theoretical Study of Pore Water Pressures 
Developed in Hydraulic Fill in Mine Stapes 
ISAACS, L.T. & 
CARTER, J.P. 
Date 
January, 
1981 
February, 
1981 
Harch, 
1981 
April, 
1981 
!lay, 
1981 
June, 
1981 
July, 
1981 
Augu�t, 
1931 
September, 
1981 
October, 
1981 
November, 
1981 
J.:1nu.:�ry, 
IY82 
February, 
1982 
CURRENT CIVIL ENGINEERING BULLETINS 
4 Brittle Fracture of Steel - Perform­
ance of ND 1 B and SAA A 1 structural 
steels: C. O'Connor (1964) 
5 Buckling in Steel Structures- 1. The 
use of a characteristic imperfect shape 
and its application to the buckling of 
an isolated column: C. O'Connor 
(1965) 
6 Buckling in Steel Structures - 2. The 
use of a characteristic imperfect shape 
in the design of determinate plane 
trusses against buckling in their plane: 
C. O'Connor (1965) 
7 Wave Generated Currents - Some 
observations made in fixed bed hy­
draulic models: M.R. Gourlay (1965) 
8 Brittle Fracture of Steel - 2. Theoret­
ical stress distributions in a partially 
yielded, non-uniform, polycrystalline 
material: C. O'Connor (1966) 
9 Analysis by Computer - Programmes 
for frame and grid structures: J.L. 
Meek (1967) 
10 Force Analysis of Fixed Support Rigid 
Frames: J.L. Meek and R. Owen 
(1968) 
11 Analysis by Computer - Axisy­
metric solution of elasto-plastic pro­
blems by finite element methods: 
J.L. Meek and G. Carey (1969) 
12 Ground Water Hydrology: J.R. Watkins 
(1969) 
13 Land use prediction in transportation 
planning: S. Golding and K.B. David­
son (1969) 
14 Finite Element Methods - Two 
dimensional seepage with a free sur­
face: L. T. Isaacs (1971) 
15 Transportation Gravity Models: A. T.C. 
Philbrick (1971) 
16 Wave Climate at Moffat Beach: M. R. 
Gourlay ·(1973) 
17. Quantitative Evaluation of Traffic 
Assignment Methods: C. Lucas and 
K.B. Davidson (1974) 
18 Planning and Evaluation of a High 
Speed Brisbane-Gold Coast Rail Link: 
K.B. Davidson, et al. (1974) 
19 Brisbane Airport Development Flood­
way Studies: C.J. Apelt (1911) 
20 Numbers of Engineering Graduates in 
Queensland: C. O'Connor (1977) 
